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置换探针，通过单个实时 PCR 反应就能判断标本中包含了以下任何一种 HBV 
DNA：野生型，rtM204 突变型，野生和 rtM204 突变混合型，rtM204 突变和 rtL180
突变混合型，野生、rtM204 突变和 rtL180 突变混合型。我们考察了检测体系的
灵敏度、特异性和检测杂合比例的能力，并应用该体系完成了 50 份已知包含拉
米夫定耐药突变的 HBV 血清标本和 36 份 HBeAg 阳性的 HBV 血清标本的检测。
检测结果表明，和 DNA 测序结果相比，该体系表现出更高的灵敏度和更强的检
测杂合比例的能力。该方法可以检测出低至 102 ~103 copies/mL 的 HBV，并且可
以检测出在大量的野生型 DNA 中的 5％的突变型 DNA。应用这种高通量的检测





一是针对结核分枝杆菌抗利福平耐药突变中 常见的 RNA 聚合酶基因
（rpoB）突变，建立了在单管 PCR 反应中实时检测 rpoB 核心位点发生的所有突
变的体系。在结核分枝杆菌耐利福平分离株中，95%的突变发生在 rpoB507 位至
533 位 27 个氨基酸密码子（81bp）组成的区域内。应用 4 对标记了不同荧光基


















测。痰标本中 101 份为野生型，5 份 526 位点发生突变，16 份 531 位点发生突变，
1 份 526 和 531 位点同时突变。所有检测结果均通过 DNA 测序验证。 
二是建立了同时检测三种一线药物的结核分枝杆菌耐药突变的荧光 PCR 检
测方法。将荧光双链置换探针、实时 PCR 和多重 PCR 相结合，针对三种一线药
物链霉素、异烟肼和乙胺丁醇中 常见的并且都是由于点突变而导致的耐药突变
位点进行检测。应用该体系检测了 9 份已知基因型的结核分枝杆菌培养标本和
118 份痰标本，其中 93 份痰标本未发生突变，8 份痰标本发生耐链霉素突变，6
份痰标本发生耐异烟肼突变，1 份痰标本发生耐乙胺丁醇突变，2 份痰标本发生
同时耐链霉素和异烟肼的突变，8 份痰标本发生同时耐链霉素、异烟肼和乙胺丁
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Abstract 
This dissertation consists of three parts for describing the application of the 
displacing probes to detecting the mutations in hepatitis B virus (HBV) and 
Mycobacterium tuberculosis. 
The first part describes the establishment of a single-tube, real-time PCR assay 
for simultaneous detection of multiple lamivudine-resistance mutations in sera 
samples. Effective detection of lamivudine-resistant hepatitis B virus (HBV) is 
extremely important for clinical diagnosis and treatment. By using four allele-specific 
displacing probes labeled with different fluorophores, a single real-time PCR reaction 
can tell whether a sample contains any of the following HBV DNA alleles: wild-type, 
rtM204 mutant, mixtures of wild-type and rtM204 mutant, mixtures of rtM204 and 
rtL180 mutant, mixtures of wild-type, rtM204 mutant and rtL180 mutant. The assay 
was evaluated with 50 HBV mutation(s)-containing samples and 36 HBeAg-positive 
samples. The results of the real-time PCR assay were consistent with the DNA 
sequencing, but at a much highter sensitivity for detecting a mixture of quasispecies. 
As low as 102 ~103 copies/ml HBV of all four alleles in pure population and as little as 
5% mutant DNA in the presence of wild-type DNA can be detected. Application of 
this high throughput assay should enable early diagnosis and better treatment of 
lamivudine-resistant HBV. 
The second part reports a sensitive single-tube PCR assay that takes less than 3 h 
and reliably identifies rifampin-resistant M. tuberculosis in DNA extracted directly 
from sputum. Current clinical assays for determining antibiotic susceptibility in M. 
tuberculosis require several weeks to be completed due to the slow growth of the 
bacilli. Ninety-five percent of mutations associated with rifampin resistance occur in 
an 81-bp core region of the bacterial RNA polymerase gene, rpoB. All mutations that 
occur within this region result in rifampin resistance. Four different displacing probes 
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sequence within the rpoB gene of rifampin-susceptible bacilli and each labeled with a 
differently colored fluorophore. Together, their target sequences encompass the mostly 
region of interests. The generation of all four fluorescent colors during PCR 
amplification indicates that rifampin-susceptible M. tuberculosis is present. The 
presence of any mutation in the core region prevents the binding of one of the 
displacing probes, resulting in the absence of one of the four fluorescent colors. 
Totally 123 sputum samples infected with tuberculosis was tested. We detected 22 
mutation-containing, and the results were consistent with the DNA sequencing. The 
use of this rapid assay should enable early detection and treatment of drug-resistant 
tuberculosis in clinical settings. 
The third part evaluates the feasibility of displacing probes to detect 
streptomycin-, isoniazid- and ethambutol-related resistance mutations in DNA extracts 
from sputum samples. We studied three genes: rpsL, katG and embB, which are 
associated with streptomycin, isoniazid and ethambutol resistance, respectively. 
Among 118 sputum samples with tuberculosis, we detected in 8 samples to be 
streptomycin-resistant, 6 samples isoniazid-resistant, 1 sample ethambutol-resistant, 2 
samples to be mixture of streptomycin- and isoniazid- resistant, and 8 samples to be 
mixture of streptomycin-, isoniazid- and ethambutol- resistant. The results of the 
real-time PCR assay were consistent with the ARMS assay. This assay is more rapid 
and sensitive compared with classic methods. Our method can be used for 
high-throughout screening for the mutations of drug resistance in Mycobacterium 
tuberculosis. 
 






















自从 1935 年第一个磺胺类药物百浪多息应用于临床和 1941 年青霉素问世



































（HBV）耐药株的存在[8]。据报道，拉米夫定使用 3～6 个月就开始出现 HBV 耐




































































技术[20,21]，基于 DNA 突变产生的单链构象多态性的 PCR-SSCP 分析技术[21-23]，
基于 DNA 突变产生的异源双链的 HA[24]以及 DHPLC[25]等分析技术，基于寡核苷
















检 测 的 MALDI-TOF-MS[33] 分 析 技 术 ， 基 于 测 序 的 Sanger 测 序 [34] 、
Minisequencing[35,36]以及 Pyrosequencing[37,38]序列分析等分析技术。由于大部分的
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